Peripheral T cell lymphoma (PTCL) is a heterogeneous group of aggressive lymphomas with a generally unfavorable prognosis (1, 2) . Although PTCL is sensitive to the conventional CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) regimen, clinical outcomes have been uniformly disappointing with a poor overall response rate and shorter progression-free survival as compared to B cell lymphoma (3) . Particularly, elderly patients generally have impaired bone marrow reserve, altered drug metabolism, multiple comorbidities, and poor performance status. They frequently show intolerance and treatment related-complications with full dose chemotherapy. Recently, the US Food and Drug Administration approved pralatrexate for treatment of relapsed or refractory PTCLs (4, 5) . Pralatrexate was designed for selective uptake and retention by malignant cells. It easily enters malignant cells with overexpression of folate membrane transporters and is efficiently polyglutamylated, which increases intracellular half-life. Owing to this unique nature, the agent has shown durable responses in highly refractory cases even after discontinuation (6, 7) . It has little cumulative toxicity and can be administered continuously to patients of old age or ineligible for consolidative stem cell transplantation. Bortezomib is a proteasome inhibitor useful in other lymphoid malignancies including multiple myeloma and mantle cell lymphoma (8) . In addition, a recent report demonstrated that the combination of pralatrexate and bortezomib enhanced efficacy compared with that of either agent alone in vitro and in vivo models of T cell malignancy (9) . Hence, we performed a pilot study that evaluated the response rate, duration of response, and safety profile of this combination regimen in elderly patients with relapsed or refractory PTCL.
In a single institution, five patients with refractory or relapsed PTCL who were aged more than 65 years were recruited from July 2013 to March 2015. Patients had several treatment-related toxicities after one or more conventional treatments at enrollment and agreed with this pilot trial. The median age was 73 years (range 67-77 years), and all patients had advanced-disease at diagnosis. Each patient had one or more comorbidities such as chronic kidney disease, chronic obstructive pulmonary disease, previous myocardial infarction, hypertension, or bone marrow hypoplasia. The PTCL subtypes were 2 PTCL-not otherwise specified (NOS), 2 angioimmunoblastic T-cell lymphoma (AITL), and 1 NK/T-cell lymphoma (NK/TCL). The median number of prior systemic therapies were 3 (range 1-5 regimens including 1 autologous stem cell transplantation). Two patients were treated with methotrexate-based chemotherapy before recruitment ( Table 1) .
The with 1 week rest, repeated every 28-days. A total of four cycles of praltrexate and bortezomib (VP) regimen were planned if uneventful. Concomitant medication to alleviate mucositis included intramuscular injection of 1 mg vitamin B12 within 7 days before initiation of every cycle and daily 45 mg of leucovorin during the entire period of treatment. The VP regimen was continued till progressive disease, intolerance, patient/physician discretion, or completion of regimen. Physical examinations and laboratory tests were performed during weekly visits and interim response was assessed at completion of the second cycle. Adverse events were evaluated according to the National Cancer Institute Common Toxicity Criteria for Adverse Events scale, version 4.0. Two out of 5 patients responded to the combination therapy (Table 2) . A 77-year old man with relapsed angioimmunoblatic T-cell lymphoma three months after 6 cycles of CHOP therapy attained partial response and complete response sequentially after 2 and 4 cycles of VP combination therapy, respectively. His palpable mass regressed at the end of the first cycle. He has been in complete response for about 12 months until now (Fig. 1) . Of note, this patient was categorized into the unfavorable risk group according to Prognostic Index for PTCL (10) . Another 67-year- Final response was assessed at the end of planned treatment (4th cycle) and whenever disease progression was suspected.
Fig. 1. Response to pralatrexate and bortezomib in patient with angioimmunoblatic T-cell lymphoma (Case 4). PET-CT scan images documenting disease before (A) and after 4 cycles of combination treatment (B).
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old patient achieved partial response after 2 cycles, duration of which was 47 days. However, this patient discontinued the treatment after 3 cycles due to patient withdrawal. The disease progressed two months after discontinuation. Two patients died of disease progression and infection despite two cycles of treatment. The final patient was treated with only 1 cycle of treatment because of disease progression and was treated with other salvage therapy.
The most common adverse events were mucositis and anorexia (Table 2) . Four patients complained of mucositis, but only 1 week delay of treatment was required for grade 3 mucositis in one patient. Most of the patients tolerated combination therapy. All patients were treated with planned pralatrexate without dose reduction or discontinuation due to toxicity. Only one dose of bortezomib was omitted due to peripheral neuropathy among all patients and one episode of herpes zoster occurred. None of the patients postponed treatment due to hematologic adverse events. One patient had grade 3 thrombocytopenia and there were no cases of greater than grade 2 neutropenia. Other toxicities other than those described above were clinically insignificant.
In our study of elderly patients, the pralatrexate dose was reduced in quantity and frequency with consideration of better tolerability and a synergistic effect with bortezomib. A weekly 15 mg/m 2 dose of pralatrexate for 3/4 weeks had good activity with acceptable toxicity in another study in relapsed or refractory cutaneous T-cell lymphoma (11) . Weekly 1.3 mg/m 2 doses of bortezomib were well tolerated in many previous studies. With this combination regimen of reduced dose, the overall response rate was 2 of 5 (1 PTCL-NOS, 1 AITL). In the PROPEL trial, the largest study ever performed on pralatrexate for relapsed or refractory PTCL, patients were treated with 30 mg/m 2 of pralatrexate for 6/7 weeks. Thirty-six percent of patients were more than 65 years. Subgroup analysis revealed that the overall response rate was 33% in elderly patients (5) . PTCL subtypes in elderly patients were not specified. Two responders in our study attained first responses after 2 cycles, which is about 8 weeks after treatment. Durations of response were 12 months (ongoing) and 47 days. In the PROPEL study, median time to first and best response was 46 and 141 days respectively. Median duration of response was 10.1 months (5). Overall, efficacy of lower dose pralatrexate combined with bortezomib seems to be acceptable compared with that of the PROPEL study. More importantly, this combination regimen had a more favorable toxicity profile. Mucositis is the most common dose-modifying adverse event of pralatrexate use. Twenty-two percent of patients suffered from grade 3 or 4 mucositis and six percent withdrew from treatment in the PROPEL trial. Only 1 week delay in treatment was needed in our study. Though both pralatrexate and bortezomib provoke cytopenias, the low dose combination regimen did not induce prolonged nor profound cytopenias.
There was no grade 3 or 4 neutropenia and only one patient had grade 3 thrombocytopenia. By virtue of a good safety profile, more cycles of treatment could be administered to elderly patients with decreased bone marrow function, leading to better survival.
In conclusion, PTCL is a challenging disease with lack of a standard regimen in the relapsed or refractory setting. Moreover, elderly patients are in need of more tolerable and sustainable treatment with minimal adverse events. Combination therapy with pralatrexate and bortezomib could be used safely and effectively as a salvage regimen in elderly patients with relapsed or refractory PTCL.
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